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FOREWORD

This Indian Standard which is identical with ISO 11086:1996 `Gas turbines -- Vocabulary', issued by the International Organization for Standardization (ISO) was adopted by the EWK?W of Indian Standards on the recommendation of Aircraft and Space Vehicles Sectional Committeeand approval of the Transport Engineering Division Council, The text of ISO Standard has been approved as suitable for publication as an Indian Standard withoul deviations. In the adopted standard certain conventions are not identical to those used in Indian Standards, Attention is especially drawn to the following: a) Wherever the words `International read as `Indian Standard'. Standard' appear referring to this standard, they should be

b)

Comma (,) has been used as a decimal marker while in Indian Standards, is to use a full point (.) as the decimal marker. this Indian Standardl only the English language

the current

practice

While adopting been retained,

text of the International

Standard

has
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Indian Standard GAS TURBINES -VOCABULARY
Scope
This International Standard gives terms and definitions used in the field of gas turbines. It applies to open-cycle gas turbines (using normal combustion systems), closed-cycle, semiclosedcycle and combined-cycle gas turbines 1.7 external combustion gas turbine gas turbine in which the combustion takes place in an external region and heat is transferred to the working fluid 1.8 simple cycle thermodynamic cycle consisting only of successive compression, combustion and expansion 1.9 regenerative cycle thermodynamic cycle employing exhaust heat recovery, consisting of successive compression, regenerative heating, combustion, expansion and regenerative cooling (heat transfer from the exhaust to the compressor discharge fluid) of the working fluid 1.10 intercooled cycle thermodynamic cycle employing cooling of the working fluid between stages of successive compression 1.11 reheat cycle thermodynamic cycle employing the addition of heat to the working fluid between stages of expansion 1.12 combined cycle thermodynamic cycle employing the combination of a gas turbine cycle with a steam or other fluid Rankine cycle
.
NOTES 1 In a commonexample, the gas turbine exhaust heat is used to generate steam for the Rankine cycle. 2. The superior thermal performance of this cycle isdue to a combination of the best thermodynamic attributes of each cycle, namely, the addition of thermal energy at higher temperatures in the gas turbine cycle and the rejection of thermal energy at lower temperatures in the Rankine cycle.

1 Gas Turbines -

Kinds and types

1.1 gas turbine <Single unit> rotating machine which converts thermal energy into mechanical work, consisting of a compressor(s), ~a thermal device(s) which heat(s) the working fluid, a turbine(s), a control system, and auxiliary equipment
NOTE - Examples of gas turbine systems are shown in annex A.

1.2 gas turbine power plant gas turbine engine and all essential equipment necessary for the production of~power in a useful form (e.g. electrical, mechanical or thermal) 1.3 open-cycle thermodynamic cycle in which the working fluid enters the gas turbine from the atmosphere and is discharged into the atmosphere 1.4 closed-cycle thermodynamic cycle having a recirculating working fluid independent of the atmosphere 1.5 semiclosed-cycle thermodynamic cycle utilizing combustion in a working fluid that is partially recirculated and partially exchanged with atmospheric air 1.6 internal combustion gas turbine gas turbine in which the combustion takes place within the working fluid 1

IS 14751 : 1999 IS0 11086 : 1996 1.13 single-shaft gas turbine gas turbine in which the power produced by the expansion process is delivered through one shaft which is mechanically connected to the compressor and the load such that they all rotate in unison 1.14 multi-shaft gas turbine gas turbine in which two or more turbine elements rotate mechanically independently of each other
NOTE - A multi-shaft gas turbine may be a split-shaft gas turbine which has a free power turbine and a single compressor-turbine shaft or one with multiple compressor-turbine spools.

2.3 combustion chamber component of a gas turbine in which fuel (heat source) reacts with the working fluid to increase its temperature 2.4 working fluid heater heat source in which the temperature working fluid is increased indirectly

of the

2.5 gas generator assembly of gas turbine components that produces heated pressurized gas to a process or to a free power turbine
NOTE - It consists of one or more rotating compressors, thermal device(s) associated with the working fluid, one or more compressor driving turbines, a control system, and essential auxiliary equipment.

1.15 stationary gas turbine gas turbine employed as a stationary source and not readily movable 1.16 mobile gas turbine gas turbine employed .as a stationary source but readily movable

energy

energy

2.6 regenerator heat exchanger in which heat is transferred from one fluid to another by alternately heating and cooling a third medium 2.7 precooler heat-exchanger or evaporative cooler which ' reduces the temperature of the working fluid prior to its initial compression 2.8 intercooler heat-exchanger or evaporative cooler (spray intercooler) that reduces the temperature of ihe working fluid between stages of compression 2.9 evaporative cooler system that reduces the temperature of the working fluid by means of evaporation of injected water
.

1.17 free piston gas turbine gas turbine utilizing a free piston engine as the source of hot high-pressure gas 1.18 extraction gas turbine bled gas turbine gas turbine which has a substantial portion of its energy output in the form of working fluid diverted from the gas path

2 Gas turbines -

Structure

2.1 turbine component of a gas turbine which produces mechanical power from the expansion of the working fluid 2.2 compressor component of a gas turbine that increases pressure and temperature of the working fluid while using mechanical power 2

3 Gas turbines accessories

Auxiliaries and

3.1 main gear gears used to reduce or increase the speed of the gas turbine output shaft

IS 14751 : 1999 IS0 11086 : 1996 3.2 turning gear driving assembly employing a power source to rotate the main rotor assembly at some very low speed to prevent uneven cooling and consequently bowing and unbalancing of the rotor after a hot run
NOTE - It may also be used to provide torque initially to roll the rotor from rest.

geometry components) is adjusted to obtain a present turbine temperature level 3.10 fuel flow control valve valve or other device operating as a final fuel metering element controlling the quantity of fuel input to the gas turbine 3.11 protection system system that protects the gas turbine from any hazard not covered by-the control system, such as a fire protection system, etc 3.12 overspeed control device overspeed trip device control or trip element which immediately activates the overspeed protection system when the rotor speed reaches a preset value 3.13 fuel shut-off valve device which, when activated, immediately stops all fuel flowing to the combustion system 3.14 overtemperature control device overtemperature protective device component(s) o-f the control system that limit(s) critical temperatures to some preset maximum values 3.15 overtemperature detector primary sensing element that is directly-responsive to temperature and which immediately activates, through suitable amplifiers or converters, the overtemperature protection system when the temperature reaches a preset value 3.16 flame-failure tripping device device that aborts the starting sequence owing to failure to establish satisfactory combustion in a . preset time period 3.47 flame-out tripping device device that causes the fuel control system to shut off the fuel to the combustion system as a result of the detection of insufficient flame in the combustion system during operation 3

3.3 starting equipment assembly of components that supplies torque to the gas turbine rotor to accelerate it to a sufficient level of speed where ignition takes place and then the self-sustaining speed is achieved 3.4 control system general system used to control, protect, monitor and report the condition of the gas turbine in all of its modes of operation
NOTE -This includes starting control systems, governor and fuel control systems, speed indicator(s), gauges, electrical supply controls and other controls necessary for the orderly startup, stable operation, shutdown, tripping andlor shutdown for abnormal conditions and standby operation,

3.5 governing system control elements and devices for the control of critical parameters such as speed, temperature, pressure, power output, thrust, clearance, etc 3.6 fuel control system system employed to supply the proper quantity of fuel to the gas turbine combustor(s) 3.7 speed governor device that regulates the speed of rotation of the governed rotor or shaft 3.8 speed changer device by means of which the speed-governing system is adjusted to change the speed or power output of the gas turbine during operation 3.9 gas temperature controller device by means of which-the fuel control system or the air mass-flow control system (via variable
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lubrication system total system that conditions and supplies lubricating oil to the bearings and other lubricating oil consuming devices
NOTE -The system consists of pumps, filters, pressure control devices, flow control devices, etc.

air charging system system used to elevate the pressure cycle

level of the

NOTE - In a semiclosed-cycle gas turbine, it is the system used to provide pressurized air to the cycle. In a closed-cycle gas iurbine, ihe charging sysiem conirois ihe pressure ievei oi the cycle thereby controlling the power capability of the engine.

3.19 fuel treatment equipment equipment to treat and/or remove from the fuel harmful constituents (e.g. solid particles, vanadium, sodium, lead, varnishes, etc.)
NOTE - The equipment may consist of filters, fuel additive systems, washing systems, etc.

3.27 blow-off valve valve or other device pressure fluid rapidly

provided

to remove

high

NOTE - In a regenerative cycle, the energy stored in the high pressure side of the recuperator may in some situations need to be dumped quickly to the atmosphere through a blow-off valve to prevent an overspeed condition.

3.20 fuel supply system system provided to supply fuel to the gas turbine
NOTE -The system may consist of fuel forwarding pumps, day tanks, main fuel pump, flow dividers, isolation valves, etc.

3.28 enclosures barriers, used to protect personnel, protect equipment from the environment, contain fires and possibly provide sound attenuation 3.29 steam/water injection equ-ipment equipment provided to inject water and/or steam into the working fluid for thepurpose of controlling emissions and/or for power augmentation
NOTE - For emission control, the injection point is usually the combustion reaction zone. For power augmentation, the injection point may be the compressor inlet, the combustor inlet, or the turbine inlet.

3.21 fuel injection pump main high pressure pump that supplies to the gas turbine ? 33 V.&L air intake
ducting

liquid fuel

duct that supplies working fluid to the inlet flange
cool-

or piping

'

compressor
NOTE-It ers, etc.

may also house filters, silencers, evaporative

3.23 exhaust duct ducting nor piping that conducts the working fluid from the gas turbine to the atmosphere or to a heat recovery device or to a precooler
NOTE It may also contain silencers, dampers, etc.

3.30 dual fuel system system provided to allow the gas turbine to burn two different fuels, such as a gas and/or a liquid fuel

4 Gas turbines -

General

3.24 intake air filter device that removes the major portion of the airborne solids and/or liquids &om the air
NOTE -The intake air filter may be of the centrifugal type, a dry media type, a wet media type or a combination of these.

4.1 direction of rotation direction of rotation of the gas turbine's rotor when viewed in the direction of flow of the working fluid EXAMPLE Clockwise .

9-r .J.Lc) silencer device that attenuates gas turbine

the noise generated

by the

4.2 self-sustaining speed minimum speed of rotation of the gas turbine's rotor under normal operation in which no externai power is required to maintain steady-state operation or to accelerate the rotor 4

IS 14751 : 1999 IS0 11086 : 1996 4.3 constant temperature operation operating mode of the gas turbine in which the controlled temperature(s) is (are) maintained constant 4.4 constant power operation operating mode of the gas turbine in which the output power is maintained constant 4.5 cooling down operating mode of the gas turbine in which the hot parts of the gas turbine are allowed to cool more or less slowly to prevent thermal shock damage 4.6 starting characteristic-s diagram diagram that presents the important characteristics of the gas turbine from the readyto-start condition to the ready-to-load condition
NOTE - This diagram may present torque versus speed of rotation with parameters of temperatures, pressures, fuel flow, etc.

4.11 ignition act of energizing the igniters 4.12 light-off act of establishing normal combustion combustion system

in the

4.13 starting time length of time for the gas turbine to go from the ready-to-start condition to the ready-to-load condition
NOTE - For some applications,~this large pa?t by the driven equipment. time is determined in a

4.14 loading time length of time for the gas turbine to go from the ready-to-load condition to full load 4.15 number of starts total number of times a particular gas turbine has obtained the condition of start (4.7) 4.16 purging act of purging or expelling combustible products from the gas turbine flow path and exhaust system before attempting a start or restart of the gas turbine 4.17 by-pass control method of control that functions by allowing a portion of the fluid to flow around the controlled device while the remainder continues uninterruptedly through the device 4.18 by-pass control <closed-cycle gas turbine> method of speed and/or power control by shunting a part of the working fluid from compressor delivery to precooler inlet
.

4.7 start act of getting the gas turbine and its driven equipment from the ready-to-start condition to the ready-to-load condition
NOTE - For some applications, the driven equipment may require a considerable proportion of the start time to prepare it to accept load, such as a gas compressor that needs to be purged and pressurized.

4.8 normal start act of starting the gas turbine in the manner as recommended by the manufacturer for normal maintenance intervals 4.9 fast start act of starting the gas turbine in a possible optional fast mode that may have an adverse effect on maintenance and/or engine life 4.10 black start act of starting the gas turbine using no external source of power; i.e. using only power from within the gas turbine power plant 5

4.19 pressure level control method of power control used in closed-cycle gas turbines
NOTE -The power level is proportional to the pressure level which is controlled by charging or withdrawing working fluid from the cycle.

IS 14751 : 1999 IS0 11086 : 1996 4.20 combustor inspection inspection of the combustor section of the gas turbine (including the transition duct) to verify its ability to continue satisfactory operation for a specified period of time or to determine the repair and/or replacement of parts required to meet that specification 4.21 hot section inspection inspection of the combustor section and the turbine component~of the gas turbine to verify the ability of these parts to continue satisfactory operation for a specified period of time or to determine the repair and/or replacement of parts required to meet that specification 4.22 major inspection inspection of all of the critical parts of the gas turbine to verify the ability of the entire gas turbine to maintain satisfactory operation for a specified period of time or to determine the repair and/or replacement of parts to meet that specification 4.23 major overhaul thorough overhaul that replaces those parts deemed necessary to allow the gas turbine to have a reasonable expectation of being able to operate at rated conditions for specified period of time an inspection and correction of any significant defect found which satisfies all concerned parties that the equipment is in the new and clean condition 5.4 standard rated output normally expected or guaranteed output of the gas turbine when operating at standard reference conditions (5.37) of turbine temperature, speed, fuel, intake air temperature, pressure and relative humidity, exhaust pressure, and in a new and clean condition
NOTE -The standard reference conditions are with no inlet or exhaust pressure losses and the output is the electrical power at the generator terminals or the mechanical power at the turbine coupling less independently driven auxiliary loads, the location being clearly stated.

5.5 auxiliary loads all loads imposed by the gas turbine power plant support system, not including a fuel gas compressor 5.6 site rated outpui normally expected or guaranteed output (output in net after auxiliary loads are deducted) of the gas turbine as installed when operating at the specified site conditions and in a new and clean condition 5.7 peak load rated output normally expected or guaranteed output of the gas turbine when operating at the specified conditions and at the peak rated turbine temperature level and in a new and clean condition
NOTE - The standard IS0 peak rating is for up to 2 000 h operation per year at peak rated temperature level and 500 starts.

'

5 Gas turbines tests

Performances and

5.1 rated output normally expected or guaranteed output of the gas turbine when it is operating at the conditions specified for its rating and in a "new and clean" condition 5.2 new and clean condition <gas turbine> condition of the gas turbine when all performance-affecting parts meet design specifications 5.3 new and clean condition <equipment> condition of the equipment when new (less than 100 h of normal operation with no measurable deterioration) or immediately following 6

5.8 base load rated output normally expected or guaranteed output of the gas turbine when operating at the specified conditions and at the base rated turbine tem$erature level and in a new and clean condition
NOTE - The standard IS0 base load rating is for up to 8 760 h operation per year at base load turbine temperature level and 25 starts.

5.9 reserve peak load rated output normally expected or guaranteed output of the gas

IS 14751 : 1999 IS0 11086 : 1996 turbine when operating at the specified conditions and at the reserve peak rated turbine temperature level and in a new and clean condition
NOTE -The standard IS0 peak reserve rating is for up to 500 h operation per year at peak reserve turbine temperature level.

5.17 idling speed designated speed at which the gas turbine is allowed to operate for an extended period of time when producing no external power 5.18 ignition speed speed of rotation of the gas turbine's rotor at which the igniters are energized
NOTE -This may not be a constant unless referred to standard conditions.

5.10 semi-base-load rated output normally expected or guaranteed output of the gas turbine when operating at the specified conditions and at the semi-base-load rated turbine temperature level and in a new and clean condition
NOTE -The standard IS0 semi-base-load 6 000 h operation per year at semi-base-load ture level. rating is for up to turbine tempera-

5.11 output limit maximum allowable output of the gas ?urbine under any condition 5.12 output performance diagram <gas turbine> diagram or curve that indicates the expected performance of the gas turbine under various conditions of compressor inlet temperature and load
NOTE -The performance parameters will usually be fuel consumption, power output, exhaust temperature and exhaust flow. For mechanical drives, the diagram includes the effects of output shaft speed.

5.19 referred speed corrected speed speed at which the gas turbine would have been running when tested, were it to have operated at the conditions to which it is being referred (corrected) 5.20 critical speed natural frequency(ies) of the respective rotating shaft system(s) of the gas turbine and its driven equipment 5.21 maximum momentary speed maximum instantaneous speed obtained by the gas turbine rotor(s) under load trip conditions 5.22 steady-state speed speed of rotation of the gas turbine rotor(s) when all major dependent parameters are essentially constant 5.23 stabilization time time required for the major dependent parameters to reach a steady state once the independent parameters are steady
.

5.13 referred output corrected output tested output of the gas turbine adjusted to what it would have been had it been tested under the conditions to which it has been referred (corrected) 5.14 shaft output net output of the gas turbine at the output shaft coupling 5.15 rated speed speed of rotation-of the power output shaft at rated conditions 5.16 turbine trip speed speed at which the independent emergency overspeed device operates to shut off fuel to the gas turbine
7

5.24 steady-state incremental speed regulation rate of change of the steady-state speed with respect to the power output
NOTE - It is the slope of the tangent to the steady-state speed versus power output curve at the point of power output under consideration.

IS 1475~ : 1999 IS0 11086 : 1996 5.25 steady-state speed regulation steady-state speed droop
change in steady speed, expressed in percent of rated speed, when the power output of the turbine is reduced from rated output power to zero output power with identical settings of all adjustments of the speed governing system, and with the gas turbine operating at standard conditions 5.26 5.33 specific power ratio of the net power output flow of the gas turbine to the mass flow rate at compressor inlet, in kilowatt seconds per kilogram [(kW.s)/kg] 5.34

mechanical loss
reduction of power output due to bearings windage losses of the gas turbine rotor
NOTE It may also include shaft driven auxiliaries.

and

thermal efficiency
<gas turbine> ratio of the net energy output of the gas turbine to the fuel energy input based on the net specific energy of the fuel (low heat value) 5.27 5.35

site conditions
specified conditions at a particular site of installation that affect the performance of the gas turbine; such as fuel characteristics, barometric pressure, compressor inlet temperature and humidity, inlet and exhaust pressure losses, etc. 5.36

referred thermal efficiency corrected thermal efficiency
tested thermal efficiency of the gas turbine referred to what it would have been had the test been run at the referred (corrected) conditions 5.28

standard atmosphere
<for standard reference conditions> represented by air at a temperature of 15C, a barometric pressure of 101,3 kPa and a relative humidity of 60%
NOTE - Chemical composition of air can be obtained from reference sources, IS0 2533 or Kenan and Kaye, ICAO (International Civil Aviation Organization) standard, or as mutually agreed.

fuel consumption
mass flow of fuel in kilograms the specified fuel 5.29 * per hour (kg/h) of

specific fuel consumption
ratio of the mass flow of fuel to the net power output in kilograms per kilowatt hour [kg/(kW.h)] of the specified fuel 5.30 5.37

standard reference conditions
gas turbine ratings composed assumptions: using the following

heat consumption
rate of net energy supplied by the fuel in kilojoules per hour (kJ/h) 5.31

a)

standard atmosphere at compressor, inlet (total pressure, temperature and relative humidity) and (static pressure) at the turbine exhaust flange; cooling water or air temperature, if used

W d

heat rate
<gas turbine> ratio of the net fuel energy supplied per unit time to the net power produced in kilojoules per kilowatt hour [kJ/(kW.h)] 5.32

for cooling the working fluid, of 15OC;
standard gas fuel (CH, - methane) with a H/C weight ratio of 0,333, a net specific energy of 50 000 kJ/kg; standard oil fuel (CH, se`4- distillate) with a H/C weight ratio of 0,141 7, a net specific energy of 42 000 kJ/kg

d)
heat balance
first law of thermodynamic analysis applied to determine whether the measured energy input is equal to the measured energy output
NOTE -The heat balance is a check on the general quality the test measurements.
Of

5.3;

starting characteristics test
test to determine the time versus speed characteristics of the gas turbine during a normal start 8
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NOTE -Other parameters measured are temperatures, pressures, time of events such as ignition, light off, starting device drop and any other significant event.

7 Turbines -

Structure

5.39 protective device test test of all of the protective devices associated with the gas turbine and its systems conducted to verify proper settings and function 5.40 load rejection test test performed to determine the response of the gas turbine to a sudden and total loss of connected load
NOTE - The control system should bring the engine to a satisfactory condition in a reasonable time without exceeding any trip conditions or other limits.

7.1 high pressure turbine first turbine in the expansion turbine gas turbine engine

process

in a multi-

7.2 intermediate pressure turbine second turbine in the expansion process in some three-turbine gas turbine engines 7 .3 low pressure turbine last turbine in the expansion process multi-turbine gas turbine engines in some

6 Turbines-Kinds
6.1 turbine See 2.1

and types

7.4 casing cylindrical stationary structure of the turbine element that contains the working fluid, and supports and positions the stationary parts of the turbine 7.5 outer casing outermost cylindrical stationary element of the gas turbine that supports and positions the other stationary parts of the turbine
NOTE-It is also usually the pressure containment the turbine. vessel for

6.2 axial flow turbine turbine in which the general direction of the working fluid flow is parallel to the axis of the machine 6.3 radial flow turbine turbine in which the initial direction of flow of the working fluid is perpendicular to theaxis of rotation of the machine
NOTE -Usually the direction is radially inward

6.4 power turbine turbine which is driven by the gases from a gas generator, producing power output from the gas turbine through an independent shaft 6.5 compressor turbine turbine which drives one or more compressors a multi-shaft system 6.6 gas expander turbine which recovers energy high pressure gas stream

7.6 inner casing innermost cylindrical stationary element of the turbine that supports the nozzles or stationary vanes (blades) of the turbine and supports parts that form the stationary flow path for the working fluid 7.7 diffuser <turbines> flow path structure immediately following the turbine blading that reduces the velocity of the working fluid in such a manner as to increase its static pressure 7.8 turbine rotor rotating assembly of the turbine element containing all of the turbine rotating parts 9

in

from a relatively

IS 14751 : 1999 IS0 11086 : 1996 7.9 turbine disc rotating part of a turbine stage that supports the turbine blades or buckets 7.10 turbine wheel rotating assembly of the turbine stage that includes the disc and the blades or buckets 7.11 blade <turbines> airfoil-shaped part whose outer surfaces form adjacent sides of an efficient passage through which the working fluid in turned 7.12 rotor blade rotor bucket blade which is fastened to the turbine disc or rotor 7.13 stationary blade vane stator <turbines> blade which is fastened to the turbine nozzle assembly 7.14 turbine nozzle stationary assembly of blades that form the flow passages that efficiently accelerate the working fluid and guide it into the rotor blades of the turbine
NOTE -In a radial flow turbine they may be called guide vanes.

8 Turbines accessories

_Auxiliaries and

8.1 turbine washing equipment equipment physically attached to the gas turbine to provide a means of cleansing the turbine flow passages or foreign deposits
NOTE - It is generally required only in those turbines that burn a fuel such as a treated residual or crude oil, or other ashbearing fuel.

9 Turbines -

General

9.1 inlet pressure <turbines> flow weighted mean total pressure of the working fluid entering the turbine first stage a.2 turbine reference .inlet temperature calculated turbine inlet total temperature based upon the combustor inlet temperature, the net energy release in the combustor, the compressor inlet flow plus the fuel mass flow
NOTE-See IS0 2314.

7.15 turbine diaphragm turbine nozzle plus its supporting structure 7.16 variable stator blade <turbines> stationary blade whose exit angle is capable of being adjusted j.17 cooled blade blade that is provided with internal passages such that a cooling fluid can be used to reduce the blade temperature 7.18 stage <turbines> pair of blade rows consisting of a nozzle row followed by a moving blade row

9.3 turbine entry temperature burner outlet temperature combustor outlet temperature flow weighted mean total temperature of the working fluid immediately upstream 07 the stator vanes cf. outlet temperature ccombustors and heaters> (19.4) 9.4 turbine rotor inlet temperature flow weighted mean total temperature of the working fluid relative to a stationary plane immediately upstream of the first stage rotor blades
NOTE -This is the thermodynamically correct turbine inlet temperature since work is done by the worting fluid only inthe turbine rotor and the fluid's potential for work is directly proportional to its absolute temperature.

.

9.5 outlet pressure cturbinGs> flow weighted mean total pressure of the working fluid relative to a stationary plane at the turbine exit flange 10

IS 14751 : 1999 IS0 11086 : 1996 9.6 outlet temperature <turbines> flow weighted mean total temperature of the working fluid relative to a stationary plane at the turbine exit flange 9.7 pressure ratio <turbines> ratio of the turbine inlet total pressure to the turbine outlet total pressure 9.8 exhaust gas flow mass flow of the exhaust gases at the turbine exit ffange the same overall isentropic turbine efficiency, for a given pressure ratio, as the turbine in question
NOTE - For turbines the isentropic efficiency for the infinitely small pressure ratio stage is always less than the overall isentropic efficiency of the turbine.

11 Compressors
11.1 compressor See 2.2

-

Kinds and types

10 Turbines tests

Performances

and

11.2 axial flow compressor compressor in which the general flow direction the working fluid is axial 11.3 radial flow centrifugal compressor the working

of

10.1 turbine power output gross power output of the turbine (bearing, windage and pumping subtracted)

component losses not

compressor compressor in which the general flow direction fluid is radially outward

of

12 Compres'sors 10.2 mechanical efficiency <turbines> ratio of the power output at the turbine shaft to the turbine power output or input to the turbine shaft
NOTE -The power output at the turbine shaft is the turbine power output to the turbine shaft less the bearing, windage and pumping losses.

Structure

12.1 low pressure compressor first compressor in the compression process in a multi-compressor gas turbine engine 12.2 intermediate pressure compressor second compressor in the compression process of a three-compressor gas turbine engine 12.3 high pressure compressor last compressor in the compression process in a multi-compressor gas turbine engine 12.4 casing stationary cylindrical structure of the compressor element that supports and positions the stationary parts of the compressor
NOTE - It is usually the pressure containment compressor. element of the

10.3 isentropic efficiency <turbines> gross power output of the turbine divided by the input power to the turbine
NOTES 1. The input power to the turbine is the power that would be obtained by the sum of the isentropic expansions of all of the fluid streams that make up the turbine flow.The temperature of each stream is to be taken as that value it possesses as it enters the turbine before any heat has been transferred to it. The pressure of e ch stream, except for the working fluid at the inlet to the firs i" stage, is to be taken asthe static pressure at the point the fluid enters the stream. 2.The definition is true for uncooled turbines or for cooled turbines only when the coolant is mixed with the mainstream flow.

10.4 polytropic efficiency <turbines> isentropic efficiency of each stage of a turbine with an infinite number of stages that has 11

12.5 compressor rotor rotating assembly of the compressor component containing all of the compressor's rotating parts

IS 14751 : 1999 IS0 11086 : 1996 12.6 compressor disc rotating assembly of the compressor includes the disc and blades 12.7 compressor wheel rotating assembly of the compressor includes the disc and blades following the compressor that reduces the velocity of the working fluid in such a manner as to increase its static pressure 12.16 stage <compressors> pair of blade rows consisting of a moving blade row followed by a stationary blade row

stage that

stage that

12.8 blade <compressors> airfoil-shaped part, whose outer surfaces form adjacent sides of an efficient flow passage through which the working fluid is turned towards the axis of the compressor 12.9 moving blade rotor blade blade which is part of the compressor rotor assembly 12.10 stationary blade vane stator <compressors> blade which compressor stator assembly 12.11 diaphragm assembly of stationary structure

13 Compressors accessories

-

Auxiliaries

and

13.1 compressor intake anti-icing system equipment physically attached to the compressor, and/or the intake system, to provide a means of preventing the build-up of harmful ice deposits 13.2 compressor washing system equipment physically attached to the gas turbine to provide a convenient means of cleaning the compressor flow surfaces 13.3 particle separator equipment used to separate the inlet air flow

wheel or

is part

of the

solid particles

from

14 Compressors
blades and supporting

-

General

12.12 variable stator blade <compressors> blade whose exit angle is capable of being readily changed during operation 12.13 inlet guide vanes assembly of non-rotating blades which may be variable and that precede the first-stage moving blades
NOTE -They impart pre-swirl to the incoming fluid.

14.1 . inlet pressure <compressors> flow weighted means total absolute pressure at the compressor inlet tlange 14.2 inlet temperature <compressors> flow weighted mean total temperature at the compressor inlet flange 14.3 outlet pressure <compressors> flow weighted mean total absolute pressure at the diffuser outlet plane \ 14.4 outlet temperature <compressors> flow weighted mean temperature at the diffuser outlet plane

12.14 outlet guide vanes stationary blade row(s) following the last stage stationary blades designed to remove the swirl component of the flow 12.15 diffuser <compressors>

total

flow path structure

immediately 12

14.5 pressure ratio <compressors> ratio of the outlet total pressure to the inlet total pressure
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NOTE -This is not the same as compression the ratio of volumes. ratio which is efficiency is always greater than the overall isentropic efficiency.

14.6 inlet air flow mass flow of the inlet air at the compressor
flange

15.6 surge
inlet unstable flow condition characterized by relatively low frequency fluctuations in mass flow of the working fluid in the compressor and in the connecting ducts
mode of operation it

14.7 bleed air extraction air
extracted air removed from the compression process from the main working fluid

NOTE - Since this may be a harmful should be avoided.

15.7 deep stall
condition of possible compressor operation characterizdd by relatively steady but low flow and very low efficiency of compression
NOTE -A compressor operating on the positive slope side of its flow-speed characteristic.

14.8 blow-off
act of removing air from the compression process to serve a control function such as to prevent an overspeed or surge condition

15 Compressors and tests

Performances

15.8 rotating stall
condition of possible compressor operation in which one or more zones of low or reverse flow span a portion of the compressor flow annulus and rotate in the same direction as the rotor but at a fraction of the rotor speed
NOTES

15.1 compressor in-put power
quantity of power required to drive the compressor component including bearing and windage losses

15.2 mechanical efficiency
<compressors> ratio of the power required to compress the working fluid to the compressor input power

1 There may be one or more zones approximately spaced around the annulus. 2This is normally encountered

equally

at severe off-design operation.

15.9 choking
condition where the flow becomes sonic at some location such that downstream conditions have no further effects
NOTE-Such a condition will occur if the discharge pressure of a compressor becomes low enough to cause sonic flow in the last stage stator. A further reduction in discharge pressure will, therefore, have no effect on the flow quantity or power required to drive the compressor.

15.3 isentropic power
<compressors> power required to compress the working fluid if the process were adiabatic and reversible

15.4 isentropic efficiency
<compressors> ratio of the isentropic power to the power required to compress the working fluid

15.5 polytropic efflclency
<compressors> isentropic efficiency of each stage of a compressor with an infinite number of stages that has the same overall isentropic efficiency for the given pressure ratio as the compressor in question
NOTE For the compression process the polytropic or stage

15.10 performance map characteristic map
<compressors> diagram thai presents the pressure ratio-flow performance characteristics of the compressor with parameters of speed and efficiency.
NOTE - Also indicated is the stable operating region of the compressor. The diagram may also be generalized by using approximations to allow the performance to be determined at various inlet conditions of pressure, temperature and humidity.

13

IS 14751 : 1999 IS0 11086 : 1996

16 Combustors and types
16.1 combustion See 2.3

and heaters-

Kinds

chamber

16.9 lower emissions combustors combustors designed to lower the temperatures in the reaction zone of the combustor in order to reduce the formation of the oxides of nitrogen
NOTE -These may be of the lean pre-mix, the lean-lean, the rich-lean, the variable area, the staged combustion and the catalytic types.

16.2 can-type combustor combustor consisting of a number of individual combustion chambers, each comprising an outer pressure containment cylinder and an inner liner
NOTE -These chambers are usually mounted in an annular array around the turbine.

17 Combustors Structure

and heaters -

16.3 annular combustor combustor consisting of a combustion chamber of annular cross-section mounted between the compressor and the turbine and completely surrounding the gas turbine engine 16.4 canannular combustor combustor consisting of several cylindrical combustion chambers mounted in an annular array and contained in a single annular structure between the compressor and the turbine 16.5 silo combustor combustor consisting of one or two large reverse flow can-type combustors flanged to the turbinecompressor casing and generally mounted at approximate right angles to the gas turbine centreline 16.6 -reheat combustor combustor that heats the working fluid a second time after it has been partially expanded in a turbine 16.7 reheat combustor <aircraft applications>

17.1 combustion liner combustor can combustor basket flame tube assembly that surrounds combustor

the reaction zone of the

17.2 outer casing assembly that surrounds the liner and is the pressure containment structure of the combustor 17.3 Q cross flame tube inter-connector cross fire tube cross light tube tube that provides a path for ignition gases to pass from a lighted combustion liner to an unlighted one in a multi-liner combustor, thereby lighting the adjacent combustion liner

18 Combustors and heaters Auxiliaries and accessories
18.1 fuel injector device through which the fuel (liquid injected into the combustion zone
NOTES 1 The number of injectors per combustor may be one or more; the modern trend is toward multiple injectors. 2 The injector(s) both atomize the liquid into a fine mist in order to increase the surface area of the fuel and ensure rapid fuelair mixing and combustion, and direct the fuel into the proper regions of the combustion zonefor optimum mixing and burning.There are a wide variety of injector types: pressure atomizing simplex, dual orifice, variable area or spill, air atomizing, air blast, vaporizing and multiple orifice (for gaseous fuel).

or gas) is

afterburner

16.6 heater device that adds heat to the working external combustion gas turbine

fluid in an

14

IS 14751 : 1999 IS0 11086: 1996 18.2 fuel flow divider metering device that distributes an equal amount of fuel to each fuel injector so as to produce. a uniform temperature from each combustor
NOTE - A fuel flow divider gaseous fuel. is generally not required for a

air are intimately mixed and where the combustion reaction takes place
NOTE - In a diffusion flame this reaction takes place with the approximately chemically correct or stoichiometric mixture.

l-8.3 ignition equipment equipment of the gas turbine combustion in the combustor

that

initiates

19.6 secondary zone zone in the combustion liner where the high temperature products of combustion from the primary zone are mixed with the remaining air from the compressor to produce a relatively uniform temperature mixture of the working fluid prior to its entering the turbine component 19.7 primary air air entering the primary zone of the combustor 19.8 secondary air air entering the secondary

NOTE - Ignition equipment may consist of a high energy source, a spark plug or igniter, etc. Some engines may use torch igniters.

18.4 flame detector device that senses that satisfactory combustion has been established in the combustor

zone of the combustor

19 Combustors General

and heaters 20 Combustors and heaters Performances and tests
20.1 fuel-air ratio mass ratio of the fuel-air 20.2 stoichiometric

19.1 inlet pressure ccombustors and heaters7 flow weighted mean total absolute pressure at the combustor inlet plane 19.2 inlet temperature ccombustors and heaters7 flow weighted mean total temperature at the combustor Inlet plane 19.3 outlet pressure <combustors and h~eaters7 flow weighted mean total absolute pressure at the combustor outlet plane, including the effects of any leakage into the working fluid 19.4 outlet temperature burner outlet temperature <combustors and heaters> flow weighted mean total temperature at the combustor outlet plane including the effects of any leakage into the working fluid 19.5 primary zone zone in the combustion

mixture

fuel-air

ratio

mass ratio of the fuel-air mixture having the exact proportions for complete combustion 20.3 equivalence ratio actual fuel-air ratio divided fuel-air ratio

by the stoichiometric

NOTE - A value greater than 1 is indicative of a richer than stoichiometric mixture and a value less than one of a weaker mixture.

20.4 excess air ratio stoichiometric fuel-air ratio divided by the actual fuel-air ratio and that quantity minus 1
NOTE-A value of 2 means that three times as much air was supplied as needed.

liner where the fuel and 15

20.5 combustion intensity measure of the rate of fuel energy

released

per

IS 14751 : 1999 IS0 11086 : 1996 unit volume of the combustor liner per atmosphere of pressure or per unit of absolute pressure
NOTE - It is generally expressed in megawatts per cubic meter of combustor liner volume per atmosphere.

21.2 recuperator static heat exchanger in which heat is transferred from one fluid to another through a separating membrane 21.3 rotating regenerator heat exchanger in which a matrix rotates through the hotter stream of fluid and then through the cooler stream of fluid, thereby transferring heat from the hotter stream to the cooler stream 21.4 shell and tube recuperator heat exchanger in which the heat transfer surface is an assembly of cylindrical tubes
NOTE - The cooler high pressure fluid is generally on the inside of the tubes and the hotter exhaust gas on the outside of the tubes whose heat transfer surface may be extended by fins and/or pins

20.6 specific combustion intensity combustion intensity reduced because of elevated pressure effects
NOTE -The pressure effect is represented by raising the pressure level to the nth power instead of directly by the pressure leveLThe value of n is generally 1,8. It is generally expressed as megawatts per cubic meter of combustor liner volume per atmosphere to the l&h power.

20.7 combustor efficiency ratio of the energy released by the combustion process to the working fluid to the net energy of the fuel consumed 20.8 working fluid heater efficiency ratio of the energy transferred to the working fluid to the net energy in the fuel consumed in the heater 20.9 combustor specific pressure loss ratio of the difference between the flow weighted total pressures at the combustor exit plane and the combustor inlet plane, to the flow weighted total pressure at the inlet plane 20.10 fuel injection total pressure injector(s)

21.5 plate type recuperator heat exchanger in which the heat transfer surface is a series of flat plates
NOTE -The fluid flows through highly elongated passages whose heat transfer surfaces may be extended by fins and/or pins.

22 Regenerative Structures

heat exchangers

-

pressure of the fuel at the inlet to the fuel

22.1 shell structure that supports transfer surfaces
NOTE vessel. It also may function

and positions

the heat

20.11 temperature pattern factor ratio of the difference between the maximum working fluid temperature at the combustor outlet and the average temperature to the temperature rise through the combustor
NOTE A value of 0,l to 0,2 is typical for large engines.

as the pressure

containment

22.2 heat exchanger tube <recuperators> fluid flow passage through which the higher pressure, cooler fluid flows \
NOTE -The hotter exhaust gas surrounds the tube.The tube is generally cylindrical in cross section.

21 Regenerative heat exchangers Kinds and types
21 .l regenerator See 2.6

3

22.3+ heat exchanger plate assembly in a recuperator that forms the flow passages by bonding two thin sheets of material to separating strips that tie the sheets together 16

IS 14751 : 1999 IS0 11086 : 1996 22.4 header pressure containing structure that collects fluid from a multiplicity of heat exchanger tubes or plates 22.5 matrix material in a regenerative heat exchanger that alternately absorbs and gives off heat to the working fluids 22.6 end plate seal plate at either end of the matrix that prevents the flow of fluid from the high pressure side of the regenerator to the low pressure side 25.2 energy effectiveness <regenerative heat exchangers> ratio-of the mass flow of the cold side fluid times the specific enthalpy difference between the regeneratcr inlet and exit cold side temperatures to the hot side mass flow times the specific enthalpy difference between the regenerator hot side inlet temperature and the cold side inlet temperature 2-5.3 final temperature difference temperature difference between the hot side inlet temperature and the cold side exit temperature'

26 Combined

cycle and cogeneration
of various combined

(See annex B for examples cycles)

23 Regenerative heat exchangers Auxiliaries and accessories

26.1 un-fired combined cycle combined thermodynamic cycle in which all of the heat is added in the gas turbine portion of the cycle
NOTE - In general this is the most efficient of the various combined cycles since heat is added at the higher temperature level of the gas turbine cycle.

23.1 soot blower device that uses higher pressure fluid (steam or air) to remove soot deposits from heat transfer surfaces by impingement

24 Regenerative General

heat exchangers

-

24.1 heating surface area effective area of the heat transfer surface that transfers the heat from one side of the heat exchanger to the other 24.2 heat transfer rate of heating surface rate at which heat is transferred from one fluid to the other through the heat transfer surface
NOTE - It is expressed in kilojoules per hour per square metre of heat transfer surface per degree celsius.

26.2 supplementary fired combined cycle combined thermodynamic cycle in which a portion the heat is added to the cycle after the working fluid has passed through the gas turbine
NOTE - In general the output from the combined cycle is significantlyenhanced by supplementary firing to the slight detriment of cycle efficiency.

26.3 fully fired combined cycle supplementary fired combined cycle in which substantially all of the oxygen in the working fluid is combined with the fuel 26.4 combined supercharged boiler and gas turbine cycle combined cycle in which the steam generator is placed after the combustor in the gas side of the cycle and before the expander 26.5 feed-water heating heat recovery combined cycle combined cycle in which the exhaust gases from the gas turbine are used mainly for feed-water heating 17

25 Regenerative heat exchangers Performances and tests

-

25.1 temperature effectiveness <regenerative heat exchangers> ratio of the actual rise in temperature of the heated fluid to the difference in the temperatures of the initially hot fluid and the initially cold fluid

IS 14751 : 1999 IS0 11086 : 1996 26.6 single-shaft type combined cycle combined cycle in which the useful power output from the cycle is taken from one shaft 26.7 multi-shaft type combined cycle combined cycle in which the useful power output from the cycle is taken from more than one shaft 26.8 combined cycle with single pressure level Rankine cycle combined cycle in which the Rankine cycle working fluid is generated at one pressure level 26.9 combined cycle with multi-pressure level Rankine cycle combined cycle in which the Rankine cycle working fluid is generated at more than one pressure level and expanded through the Rankine fluid turbine from substantially the pressure level at which it is generated 26.10 reheat Rankine combined cycle combine cycle in which the Rankine cycle working fluid is re-heated at some lower pressure(s) during its expansion process 26.11 cogeneration simultaneous production in series of two forms of useful energy such as electrical energy first and then process stream 26.12 heat recovery steam generator HRSG steam generator specifically designed to utilize efficiently the energy in the relatively large volume moderate temperature exhaust gases from the gas turbine engine
NOTE - It may contain provisions for supplementary firing, a selective catalytic reactor, superheater, reheater, multiple pressure level evaporators, deaerator, feed water heater, economizer, by-pass dampers and soot blowers.

18
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Annex A (informative) Examples of gas turbine systems

1 Compressor 2 Combustion chamber

3 Turbine 4 Load

Figure

A.1 -

Simple

cycle, single-shaft

gas turbine

~Key 1 Regenerator or Recuperator 2 Combustion chamber 3 Compressor

4 Turbine 5 Load

Figure

A.2 -

Regenerative

cycle, single-shaft 19

gas turbine
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Key
1 Combustion chamber 2 Compressor

3 Compressor turbine 4 Power turbine 5 Load

NOTE -

Attentative

twin-spool

arrangement

is shown in dotted line.

Figure

A.3 -

Simple

cycle, split-shaft

gas turbine,

i.e. with separate

power turbine
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1 Combustion chamber 2 compressor 3 H.f? H.P. turbine 4 Intercooler

Key

5 6 7 8 9

Coolant Reheat combustion chamber L.P compressor L.P turbine Load

Figure

A.4 -

Intercooled -and reheat cycle (compound type), multi-shaft with load coupled to low-pressure shaft

gas turbine

21

IS 14751 : 1999 IS0 11086 : 1996

I

_,: -4

\ \ \ \ : \\ `\__d' / /'

Key
1 Air bleed 2 Combustion chamber 3 Hot gas bleed 4 Compressor 5 Turbine 6 Load

Figure A.5 -

Single-shaft gas turbine with air bleed and hot gas bleed

Key
1 Coolant
2 Precooler 3 Working fluid heaters 4 Heat source

5 6 7 8 9

L.P. compressor H.f? compressor Turbine Load Intercooler

Figure A.6 -

Single-shaft closed-cycle gas turbine 22
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Key
1 Compressor 2 Turbine

3 Combustion chamber 4 Load 5 Precooler

Figure

A.7 -

Semi-closed

cycle gas turbine
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Annex B (informative) Examples of combined cycles

3

I/A

6

1

Key
1 HRSG" 2 Compressor 3 Combustion chamber `1Heat recovery steam generator.

4 5 6 7

Turbine Load Steam turbine Condenser

Figure B.l -

Unfired combined cycle (single pressure steam combined cycle)

24

IS 14751 : 1999 IS0 11086 : 1996

6

5

Key
1 2 3 4 HRSG Compressor Combustion chamber Turbine

5 6 7 8

Load Steam turbine Fuel Condenser

Figure

8.2 -

Supplementally

fired combined

cycle

Key
1 2 3 4 Boiler Fuel Combustion chamber Compressor

5 6 7 8

Turbine Load Steam turbine Condenser

Figure

8.3 -

Fully fired com~bined cycle 25
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Key
1 2 3 4 5 6 Supercharged Steam Generator Compressor Gas turbine Fuel boiler 7 Steam turbine 0 Feed water heater 9 Condenser 10 Air 11 Gas turbine section 12 Steam turbine section

Figure

8.4 -

Supercharged

boiler

combined

cycle
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6

6

I

I.,

7 11

Key
1 2 3 4 5 6 Boiler Steam Generator Compressor Gas turbine Air 7 Fuel 8 Steam turbine 9 Feed water heater 10 Condenser 11 Gas turbine section 12 Steam turbine section

Figure B.5 -

Feed-water heating combined cycle
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LI

8
Key 1 Waste heat recovery boiler 2 Steam turbine 3 Load 4 Compressor 5 Turbine

II

i'
6 7 8 9

9 -1
Condenser Combustion chamber Steam turbine section Gas turbine section

I

Figure

B.6 -

Single-shaft

type combined

cycle

Key
1 2 3 4 5 Waste heat recovery boiler Load Compressor Turbine Combustion chamber

6 7 8 9

Steam turbine Condenser Gas turbine section Steam turtime section

Figure (Configuration

type combined cycle B.7 - Multi-shaft with two gas turbines and one steam turbine) 28
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6

Key
1 2 3 4 5 6 HRSG waste heat recovery boiler Low pressure steam High pressure steam Generator Compressor Gas turbine

7 Steam turbine 8 Air 9 Fuel 10 Condenser 11 Gas turbine section 12 Steam turbine section

Figure 8.8 -

Multiple pressure steam combined cycle (a case of dual pressure steam cycle)
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-f6

Key
1 Boiler 2 Combustion chamber 3 Compressor

4 5 6 7

Turbine Load Steam turbine Condenser

Figure

B.9 -

Reheat

steam combined

cycle

Annex C

(informative)
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efficiency, combustion 20.7 efficiency, corrected thermal 5.27 efficiency, isentropic efficiency, mechanical efficiency, polytropic 10.3 10.2 10.4

efficiency, referred thermal 5.27 efficiency, thermal 5.26
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gas turbine, multi-shaft gas turbine, single-shaft gas turbine, stationary gas turbine engine 1 .l gas turbine power plant 1.2 gear, main 3.1 gear, turning 3.2 generator, gas 2.5 generator steam, heat recovery 26.12 governing system 3.5 governor, speed 3.7 guide vanes, inlet 12.13 guidevanes, outlet 12.14 H header 22.4 heat balance 5.32 heat consumption 5.30 heat exchanger plate 22.3 heat exchanger tube 22.2 heat rate 5.31 heat recovery steam generator 26.12 heat transfer rate of heating surface 24.2 heater 16.8 heater, working fluid, efficiency 20.8 heater, working fluid 2.4 heating surface, heat transfer rate 24.2 heating surface area 24.1 high pressure compressor high pressure turbine 7.1 hot section inspection I idling speed 5.17 ignition 4.11 ignition equipment 18.3 ignition speed 5.18 injection equipment, injector, fuel 18.1 inlet air flow 14.6 inlet guide vanes 12.13 inletpressure9.1,14.1, inlet temperature inlet temperature, inlet temperature, inner casing 7.6 input power, compressor 15.1 inspection, combustor 4.20 inspection, hot section 4.21 inspection, major 4.22 intake air filter 3.24 intake duct, air 3.22 intensity, combustion intercooled 20.5 20.6 intensity, specific combustion cycle 1.10 intercooler 2.8 14.2 reference turbine 9.2 turbine rotor 9.4 19.1 open cycle 1.3 operation, constant power 4.4 4.3 operation, constant temperature outer casing 7.5 outlet guide vanes 12.14 outlet pressure 9.5, 14.3 outlet temperature outlet temperature, outlet temperature, 9.6, 14.4 burner 9.3 combustor 9.3 steam/water 3.29 injection pump fuel 3.21 N new and clean condition 5.2, 5.3 normal start 4.8 nozzle, turbine 7.14 number of starts 4.15 4.21 12.3 main gear 3.1 major inspection 4.22 major overhaul 4.23 map, characteristic map, performance matrix 22.5 maximum momentary mechanical mechanical efficiency loss 5.34 speed 5.21 10.2 15.10 15.10 M light-off 4.12 limit, output 5.1 L

1.14
1.13 1.15

intermediate intermediate

pressure compressor pressure turbine 7.2 gas turbine 1.6 10.3

12.2

internal combustion isentropic efficiency

isentropic power 15.3

I
17.1

liner, combustion loading time 4.14

load rejection test 5.40 loads, auxiliary 5.5 loss, mechanical 5.34 12.1 16.9 low pressure compressor low pressure turbine 7.3 lower emissions combustor lubri&ion system 3.18

mobile gas turbine 1 .I 6 moving blade 12.9 multi-shaft gas turbine 1 .14 multi-shaft type combines cycle 26.7

0

output, base load rated 5.8 output, corrected 5.13 output, peak load rated 5.7 output, rated 5.1 output, referred 5.13 output, reserve peak load rated 5.9 output, semi-base-load rated 5.10

33

IS 14751 : 1999 IS0 11086 : 1996
output, shaft 5.14 output, site rated 5.6 output, standard rated 5.4 output limit 5.11 output performance overhaul, major 4.23 overspeed control device 3.12 control device 3.14 detector 3.15 protective device 3.14 P particle separator 13.3 peak load rated output 5.7 performance performance diagram, output 5.12 map 15.10 21.5 10.4 input 15.1 overspeed trip device 3.12 overtemperature overtemperature overtemperature diagram 5.12 ratio, fuel-air 20.1 ratio, pressure 9.7, 14.5 recuperator 21.2 recuperator, recuperator, plate type 21.5 shell and tube 21.4 standard 5.37 9.2

reference conditions, referred output 5.13 referred speed 5.19

reference turbine inlet temperature

referred thermal efficiency regenerative regenerator regenerator, cycle 1.9 2.6,21 .l rotating 21.3 16.6

5.27

reheat combustor reheat cycle 1 .l1

reheat Rankine combined rotating regenerator rotating stall 15.8 rotation, direction of 4.1 rotor, turbine 7.8 rator blade7.12, rotor bucket 7.12 12.9 21.3

cycle 26.10

reserve peak load rated output 5.9

plate, heat exchanger 22.3 plate type recuperator polytropic efficiency power, compressor power, specific 5.33 power output, turbine 10.1 power plant, gas turbine 1.2 power turbine 6.4 precooler 2.7 pressure, fuel injection 20.10 pressure, inlet 9.1, 14.1, 10.1 pressure, outlet 9.5,14.3 pressure level control 4.19 pressure loss, combustor pressure ratio 9.7, 14.5 primary air 19.7 primary zone 19.5 protection system 3.11 protective device test 5.39 protective device, overtemperature pump, fuel injector 3.21 purging 4.16 R radial flow compressor radial flow turbine 6.3 Rankine cycle, multi-pressure rate, heat 5.31 rated output 5.1 rated output, base load 5.8 rated output, peak load 5.7 rated output, reserve peak load 5.9 rated output, semi-base-load rated output, site 5.6 rated output, standard 5.4 rated speed, 5.15 ratio, equivalence 20.3 ratio, excess air 20.4 5.10 level, combined cycle 26.9 Fiankine cycle, single pressure level, combined cycle 26.8 11.3 3.14 specific 20.9

power, isentropic 15.3

S
secondary secondary air 19.8 zone 19.6 speed 4.2 rated output 5.10

self-sustaining semi-base-load

semiclosed cycle 1.5 separator, particle 13.3 shaft output 5.14 shell 22.1 shell and tube recuperator shut-off valve, fuel 3.13 silencer 3.25 silo combustor single-shaft single-shaft 16.5 simple cycle 1.8 gas turbine 1 .13 type combined cycle 26.6 21.4

site conditions 5.35 site rated output 5.6 soot blower 23.1 specific combustion specific power 5.33 specific pressure loss, combustdf speed, corrected 5.19 speed, critical 5.20 speed, idling 5.17 speed, ignition 5.18 speed, maximum momentary speed, rate 5.15 speed, referred 5.19 speed, self-sustaining speed, steady-state 4.2 5.22 5.21 20.9 intensity 20.6 5.29 specific fuel consumption

speed, turbine trip 5.16
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speed changer 3.8 speed droop, steady-state speed governor 3.7 speed regulation, steady-state speed regulation, steady-state stabilization stage7.18, time 5.23 12.16 5.25 incremental 5.24 5.25 test, load rejection 5.40 test, protective device 5.39 test, starting characteristics thermal efficiency 5.26 time, loading 4.14 time, stabilization time, starting 4.13 transfer rate, heat, of heating surface 24.2 treatment equipment, fuel 3.19 5.36 5.37 trip device, overspeed trip speed, turbine 5.16 tripping device, flame-failure tube, cross flame 17.3 tube, heat exchanger 22.2 turbine 2.1,6.1 diagram 4.6 test 5.38 turbine, axial flow 6.2 turbine, compressor turbine, intermediate turbine, power 6.4 turbine, radial flow 6.3 turbine diaphragm 7.15 turbine disc 7.9 turbine entry temperature turbine inlet temperature, turbine nozzle 7.14 turbine power output 10.1 turbine rotor 7.8 !urbine rotor temperature turbine trip speed 5.16 turbine washing equipment turbine wheel 7.10 turning gear 3.2 8.1 9.4 9.3 reference 9.2 incremental speed 5.22 speed droop 5.25 speed regulation 5.25 injection equipment fuel-air ratio 20.2 ratio fuel-air 20.2 fired combined cycle 26.2 3.29 speed regulation 5.24 6.5 pressure 7.2 turbine, high pressure 7.1 turbine, low pressure 7.3 3.16 tripping device, flame-out 3.17 3.12 5.23 5.38

stall, deep 15.7 stall, rotating 15.8 standard atmosphere standard rated output 5.4 standard reference conditions start 4.7 start, black4.10 start, fast 4.9 start, normal, 4.8 starting characteristics starting characteristics starting equipment 3.3 starting time 4.13 starts, number of 4.15 stationary stationary blade 7.13, 12.10 gas turbine 1 .15

stator 12.10 stator blade, variable 7.16, 12.12 steady-state steady-state steady-state steady-state steam/water stoichiometric stoichiometric supplementary

steam generator, heat recovery 26.12

supply system, fuel 3.20 surface area, heating 24.1 surge 15.6 system, air charging 3.26 system, control 3.4 system, dual fuel 3.30 system, fuel control 3.6 system, fuel supply 3.20 system, governing 3.5 system, lubrication 3.18 system, protection 3.11 T temperature, temperature, temperature, temperature, temperature, temperature, temperature, temperature temperature temperature burner outlet 9.3 combustor outlet 9.3 inlet 14.2 outlet 9.6, 14.4 reference turbine inlet 9.2 turbine entry 9.3 turbine rotor inlet 9.4 difference, final 25.3 effectiveness 25.1 pattern factor 20.11

U un-refired combined cycle 26.1 V valve, blow-off 3.27 valve, for fuel flow control 3.10 valve, fuel shut-off 3.13 vane 12.10 variable stator blade 7.16, 12.12

W
washing equipment, turbine, 8.1 washing system, compressor wheel, turbine 7.10 working fluid heater 2.4 working fluid heater efficiency 20.8 Z zone, primary 19.5 zone, secondary 19.6 13.2
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